A relationship between the abundance of phytophagous insects assessed from soil samples (in the case of Cephalcia lariciphila) or yellow sticky boards (in the case of T. nigritus) and percentage of defoliated trees was characterised by logistic regression.
JOURNAL OF FOREST SCIENCE, 50, 2004 (6): 284-291 The exact loss of biomass caused by phytophagous insects is very difficult to measure and subjective assessment of defoliation percentage is inaccurate. From the practical aspect, the event of total (or strong) defoliation is important. It is possible to define the presence or absence of defoliation by binomial (presence/absence) or multinomial (several degrees of defoliation) distribution. The probability of an event of defoliation occurrence based on quantified measures (it means the numbers of caught specimens) can be determined by logistic regression.
A logistic regression model was already used to predict gypsy moth Lymantria dispar (Linné, 1758) and Acleris variana (Fernald, 1886 ) defoliation on a regional scale (GRIBKO et al. 1995; WESELOH 1996; LIEBHOLD et al. 1996; LUTHER et al. 1997 ). In the case of spruce budworm (Choristoneura fumiferana Clemens, 1865) a logistic regression explained the variation in the volume loss of balsam fir (Abies balsamea [L.] Mill.) caused by (Clemens, 1865) defoliation (OSTAFF, MACLEAN 1995) .
In this paper, we tried to find the relationship between the population density of two sawfly species -Cephalcia lariciphila (Wachtl, 1898) and Tomostethus nigritus (Fabricius, 1804) -and the consequent portions of defoliated trees using the logistic regression. Entomological methods to estimate population densities as well as the assessment of defoliation were chosen to be the easiest in forest practice to help foresters to decide how to solve the problems with defoliators in forests. 
MATERIAL AND METHODS

Study species and plots
Methods
Ten and twenty yellow sticky boards (at the distance of 5 to 10 m) were exposed on each of the studied plots at Cephalcia lariciphila (2002) and T. nigritus (2002 and 2003) , respectively. The traps consisted of yellow plastic boards 14.8 × 21 cm, coated on both sides with entomological glue (Souveurode®) suspended from dry branches (at C. lariciphila) or on hawthorn bushes (at T. nigritus) at the eye level. The specimens were taken down using tweezers and preserved in 70% alcohol (leg. et det. J. Holuša, coll. FGMRI Jíloviště-Strnady LORENZ and KRAUS (1957) .
Evaluation of defoliation
Větrný Jeníkov locality (outbreak of C. lariciphila)
In 2002, the defoliation of fifty larches was assessed using two categories: absence of feeding (no visible feeding was observed) and total defoliation (including strong defoliation -several lower branches of larches were not defoliated).
Under the recent density of sawfly no other degree of defoliation was observed.
In 2003, the variation in defoliation was less distinct; therefore defoliation was assessed using four categories: absence of feeding (no visible feeding was observed); weak defoliation (up to approximately 30% of needles were eaten); strong defoliation (up to approximately 70% of needles were eaten) and total defoliation. 
Ruské domy locality at Lanžhot (occurrence of Tomostethus nigritus)
In 2002, three distinct degrees of defoliation were distinguished in sets of fifty ashes: absence of defoliation (no visible feeding was observed), weak defoliation (some of lower branches were defoliated) and total defoliation.
There was not observed any transition between total defoliation and weak defoliation. Assessment of defoliation was performed on 12 th June 2002. In 2003, four degrees could be distinguished: absence of defoliation (no visible feeding was observed); weak defoliation (some of lower branches were defoliated); strong defoliation (more than 50% leaves were eaten off) and total defoliation (more than 90% leaves were eaten off).
Assessment of defoliation was performed on 1 st June 2003.
Statistical analyses
Logistic regression was used for estimation of probability of specific degree of defoliation. Logistic regression is a special case of generalised linear model (GLM). The generalised linear model can be used to predict responses both for dependent variables with discrete distributions and for dependent variables, which are nonlinearly related to the predictors. Normal distribution (or more generally continuous distribution) is not required for dependent variable. The most common used distributions are binomial (dependent variable can take two distinct values) or multinomial (dependent variable can take more than two distinct values). The logit link function is ln [π/(1 -π)] = α + βx and logistic regression equation (BERGERUD 1996) . Because of the small sample size in 2002 (5 soil samples and 10 or 20 yellow sticky boards were used on each location), HORN (1983) estimation procedure was used for the mean estimation of caught adults. As the estimation of abundance is very time-consuming and complicated from the technical aspect, used sample sizes are on the very lower limit of possible sample size, according to our experience with other phytophagous sawflies (HOLUŠA, DRÁPELA 2003) .
The sample size necessary to achieve the desired level of precision in estimating a population mean is given by the following formula
where: s 2 -the sample variance with n degrees of freedom, d -the half-width of the desired confidence interval. This is subjectively chosen. Based on our experiences (HOLUŠA, DRÁPELA 2003), we used a third of catch mean, 1 -α -the confidence level, 1 -β -the assurance that the confidence interval will not be greater than ± d, t -the two tailed critical value of t-distribution with (n -1) degrees of freedom (ZAR 1984) .
Because of the strong heterogeneity of variance and non-normality (tested by D'Agostino normality test) of some sets, Box-Cox transformation on normality was used to use the mean of catch as representative.
Statistical analyses were performed on the significance level α = 0.05 with Statistica 6.0 (logistic regressions), Adstat 2 (Box Cox transformations) and Unistat 5.1 (sample sizes).
RESULTS AND DISCUSSION
Cephalcia lariciphila
There was no statistically significant correlation between mean male catch on yellow sticky board and probability of defoliation (p = 0.16) because the numbers of males on some plots were high but the percentage of defoliated trees was low [defoliation of larches was indeed caused by C. lariciphila because on all cut larches only larvae of this species were found (n = 96)]. This is probably a consequence of the prevalence of males in samples (n = 13,715; proportion of females 0.003%) and short distance between study plots. Active males fly between plots and change the original density in plots. The use of female samples should be more suitable. Unfortunately, females do not catch on boards. The fact of very small sample can play an important role, too.
In 2002, there was a highly significant relationship between the density of larvae in soil and the percentage of defoliated trees characterised by logistic regression (Table 1, Fig. 1 ). There is a possibility to deduct "critical numbers" of nymph density (Fig. 1 ) that cause defoliation of certain percentage of trees. 30 males or 18 females or 50 specimens per 0.25 m 2 should cause the total (strong) defoliation of 90% (with assumption that the percentage of pronymphs is the same).
Based on the data of larvae distribution in soil samples, we established that the sufficient number of soil samples ranged from 15 to 50 (Table 2) . It means that the used number of samples was insufficient, but the larger number is not useful from the practical point of view.
In 2003, due to the distinction of four degrees of defoliation, firstly the multinomial distribution was calculated by the generalised logistic model parameters to distinguish all four stages of defoliation. Only the connected stages "absence of defoliation + weak defoliation" and "strong defoliation + total defoliation" could be distinguished. There was a high significant relationship between the density of larvae in soil in spring and the percentage of defoliated trees characterised by logistic regression (p (in all cases) = 0.00) (Table 1, Fig. 3 ). The curves in 2003 are sharper than in 2002. If we exclude the plot in the younger forest (Nr. 4), the curves are more similar (the plot in the younger forest was not included in 2003) (Fig. 2, Table 1 ).
Due to sharp curves (result of the connection of defoliation stages) "critical numbers" of nymph density (Fig. 3) that caused strong or stronger defoliation of all trees could be deducted (with assumption that the percentage of pronymphs is the same, i.e. 88.8%; n = 472).
Based on the data of larvae distribution in soil samples, we established that the sufficient number of soil samples ranged from 9 to 21 (Table 3) . It means that the Table 1 . Coefficients of logistic regression function describing the dependence of probability of feeding (defoliation) on Cephalcia lariciphila larvae in soil samples (p (in all cases) = 0.00) ( * without locality in younger forest) Sample mean of nymphs Probability of defoliation used number of samples was partly sufficient. The set of 20 samples is useful in forest practice.
Tomostethus nigritus
In the Czech Republic, only five sawfly species associated with ash (Fraxinus) occur. Only T. nigritus is a monophagous species of ash. The others [Craesus septentrionalis (Linné, 1758) , Macrophya punctumalbum (Linné, 1767), Pachyprotasis antennata (Klug, 1817), P. rapae (Linné, 1767) and Tenthredo vespa (Retzius, 1783)] are polyphagous ones and ash as a host plant of C. septentrionalis is controversial. Ash as a host plant of P. rapae has not been confirmed recently (TAEGER et al. 1998) . Three species were found in Ruské domy locality in 2000 as well as in 2002 (Table 2) . P. rapae was the most abundant but due to the fact mentioned above, its larvae feed from July to September. Larvae of T. nigritus caused the ash defoliation already in mid-May, both in 2000 and 2002. Defoliation of ashes followed immediately the swarming of T. nigritus (Fig. 4) .
In 2002 Based on the prediction of model (Fig. 5) , the establishment of "critical number" is possible, e.g. mean catch of 300 to 350 males per yellow sticky board causes the defoliation of 90% of ashes in mature forest.
In 2003, only the binomial model using two stages "absence of defoliation + weak defoliation" and "strong defoliation + total defoliation" is statistically significant. Based on the prediction of the model (Fig. 6 ) the establishment of "critical number" is possible, e.g. mean catch of about 250 males per yellow sticky board causes the defoliation of 90% of ashes in mature forest. The number is lower than in 2002 because in that year the defoliation covered weak defoliation.
Based on the data of male distribution on yellow sticky boards we have established that the sufficient number is about 20 yellow sticky boards in the locality with the highest abundance (Table 3 ) and use of different half-width of the desired confidence interval in other four localities, too. The abundance in the rest of localities was so low that it cannot provide any useful results. The number of 20 yellow sticky boards is useful in practice.
The results confirm the suitability of logistic regression for these studies as well as in short-time forecast. Two-year results should be confirmed by consequent study. We used the relationship between abundance of adults or nymphs and abundance of larvae of the next generation (indirectly assessed by insect feeding). Therefore there could be a problem with different fertility of sawflies (cool and rainy weather can directly influence the swarming of adults) or fecundity of females could be decreased by low temperature as reported by GRUPPE (1998) for C. abietis (Linnaeus, 1758) and egg and larval mortality. As a result, the "critical number" could vary between years. Catch mean of male Probability of defoliation tablishes model parameters to distinguish all three stages of defoliation.
In 2002, only the binomial model using two stages "absence of defoliation" and "weak defoliation + total defoliation" is statistically significant. This fact is surprising and a logical explanation follows. The abundance of adults was high but the intensity of feeding was low, which may be a result of high egg or larval mortality. 
